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Abstract. According to the Intergovernmental Panel on Climate Change 
(IPCC) guidelines, uncertainty assessment is an important aspect of a green-
house gas inventory, and effort should be made to incorporate it into the 
reporting. The goal of this study was to estimate basic wood density (BWD) 
and its uncertainty for Pinus densiflora (Siebold & Zucc.) in Korea. In this 
study, P. densiflora forests throughout the country were divided into two re-
gional variants, which were the Gangwon region variant, distributed on the 
northeastern part of the country, and the central region variant. A total of 36 
representative sampling plots were selected in both regions to collect sam-
ple trees for destructive sampling. The trees were selected considering the 
distributions of tree age and diameter at breast height. Hypothesis testing 
was carried out to test the BWD differences between two age groups, i.e. age 
≥ 20 and < 20, and differences between the two regions. The test suggested 
that there was no statistically significant difference between the two age 
classes. On the other hand, it is suggested a strong evidence of a statistically 
significant difference between regions. The BWD and its uncertainty were 
0.418 g/cm3 and 11.9% for the Gangwon region, whereas they were 0.471g/
cm3 and 3.8% for the central region. As a result, the estimated BWD for P. 
densiflora was more precise than the value provided by the IPCC guidelines.
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Introduction
International efforts have been made to ad-
dress the issue of climate change, and actions 
are taken across all sectors and corporations to 
reduce greenhouse gas emissions at national 
level (IPCC 2006a, Lauenroth et al. 2006). 
To effectively reduce the emission, identify-106
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ing important types of gases and accurately 
determining their emission levels are needed. 
In forestry sector, estimating carbon emission 
level and current carbon stock in forest area are 
the primary focuses (Macfarlane et al. 2000, 
Woodlley et al. 2007). The simple and more 
direct estimation process involves converting 
forest stand-level volume estimate into carbon 
stock, with the aid of various emission factors 
(IPCC 2006a). 
  One of the important emission factors is the 
basic wood density (BWD) deﬁ  ned as the ratio 
between oven dry mass and BWD is the ratio 
between dry mass and fresh stem wood volume 
without bark (IPCC 2006a). The measurement 
of BWD is one of the core studies of wood 
properties. It is used to convert individual stem 
volume to biomass. Many studies have found 
that BWD was affected by stand age, species 
composition, and stand structure (Johnson & 
Sharpe 1983, Kauppi et al. 1992, Lehtonen et 
al. 2004).
  Even for the same tree species, the BWD ex-
hibits a range of values possibly due to regions 
and ages. Consequently, IPCC recommended 
developed separate BWDs that reﬂ  ected the 
inﬂ  uence of regions and ages (IPCC 2006b).
 Continuous improvement on the emis-
sion factors will produce better estimate of 
emission level and carbon stock. Uncertainty 
analysis of emission factors could assist us 
in managing and improving the factors. The 
purposes of uncertainty analysis is to evalu-
ate the model and to enhance the accuracy of 
the inventory system (Monte et al. 1996, Kan-
gas & Kangas 2004). Uncertainty arises from 
a variety of sources, e.g. lack of data, lack of 
representativeness, statistical sampling error, 
measurement error, and laboratory estima-
tion error (IPCC 2006a). For some sources 
of uncertainty, it is more complicated to de-
termine its value quantitatively, e.g. potential 
uncertainty arising from models (IPCC 2006a, 
Peltoniemi et al. 2006, Refsgaard et al. 2007). 
IPCC guidelines (2006a) recommended two 
approaches to uncertainty analysis: (1) The 
ﬁ  rst error propagation and (2) Monte Carlo 
simulation approach 1 should be applied when 
there is no signiﬁ  cant correlation among vari-
ous parameters and estimates and the uncer-
tainties are relatively small. The second can be 
used to overcome the limitations related to the 
correlation between different parameters, and 
estimates at different period (IPCC 2006a). 
Therefore, estimating uncertainty of BWD is 
equally as important as estimating its value for 
calculating emission level.
  After reviewing research on uncertainty of 
BWD, Food and Agriculture Organization 
(2006) provided a range of uncertainty for 
BWD (10 to 40%). In Finland, the estimated 
uncertainties of BWD for pine, spruce, and 
birch tree are below 20% (IPCC 2006b). In Re-
public of Korea, research on BWD and other 
emission factors for a wide variety of species 
and regions are expanding, but research on un-
certainty analysis of these factors is limited.   
    The P. densiﬂ  ora forests account for approx-
imately 26% of total forest area in the country 
(Korea Forest Service 2011). The tree species 
is important for its economic and cultural val-
ue. Recently, the tree species is the subject for 
sustainable forest management. 
  Therefore, the goal of this study was estimat-
ing BWD and its uncertainty for Pinus densi-
ﬂ  ora (Siebold & Zucc.) forests in the Republic 
of Korea. 
Materials and methods
Study area and date
Republic of Korea has a total land area of about 
10 million ha, and approximately 64% of this 
is covered by forests (Korea Forest Service 
2011). The temperature ranges from 6.4~16.2 
˚C, with annual an average of 12.2 ˚C. The 
average annual precipitation is approximately 
1,302 mm during the last three decade.
  The study sites were located throughout of 
the country, concentrated from the central to 107
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northern part of the country (Figure 1). The 
BWD of P. densiﬂ  ora might be inﬂ  uenced by 
regions and ages. Firstly, the comparison was 
carried out for the two regions and then for 
the two age classes. Estimated BWD of the 36 
sample plots were divided into two regional 
groups, one set of BWD was from plots in 
Gangwon region and the other set was from 
plots in the central region. The number of plots 
for the two regions was 8 and 28 respectively. 
The reason for the difference in the number 
of plots is geographic location whereby sur-
vey plots in Gangwon region were located in 
the mountainous areas and survey plots in the 
central region were spread throughout a larger 
region.
  A total of 36 sample plots were established 
in representative P. densiﬂ  ora forest stands. 
For each plot, all P. densiﬂ  ora trees that fell in-
side the plot were measured for their diameter 
at breast height (dbh). Five trees per plot were 
selected according to the plot dbh distribu-
Geographical location of 36 sample plots for Pinus densiﬂ  ora in Korea Figure 1 108
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tion. This was to ensure that the selected trees 
were representative of the plot structure. The 
selected trees did not include suppressed trees 
and trees with damaged tops. The ﬁ  ve selected 
trees were fell at 0.2 m above ground and were 
used for the destructive sampling of above-
ground biomass, which was outside the scope 
of this paper. Out of the selected ﬁ  ve trees, one 
of them, having the average dbh, was speciﬁ  -
cally sampled for BWD estimation. For that 
tree, a cross-sectional disk was obtained from 
1.3 m above the ground, one cross-sectional 
disk being sampled for BWD estimation per 
site.
 The cross-sectional disks collected from 
the ﬁ  eld were used for estimating BWD, us-
ing the water displacement method. Each disk 
was immersed into a vessel fully ﬁ  lled with 
distilled water causing the water to overﬂ  ow. 
The displaced water was collected and meas-
ured, in order to determine the green volume of 
the disk. After the disk was dried at a constant 
temperature of 85 °C for about 7 to 10 days, 
until the disk reached a constant weight. Then, 
the disk was measured for its dry weight. 
Statistical analysis
  We followed the recommendation by IPCC 
(2006b) for the threshold for splitting emission 
factors by age class, i.e., the BWDs were sepa-
rated into one set with age ≥ 20 years old and 
one set with age < 20 years old. The number of 
plots for the two separate age classes was 7 and 
29 respectively. Finally, t-test was used to test 
differences in BWDs between the grouping, 
i.e., the two null hypotheses stated that there 
was no difference in BWD between Gangwon 
and central regions, and that there was no dif-
ference between the two age classes. The hy-
pothesis testing was carried out in SAS (2004), 
and the signiﬁ  cance-level was set at 0.05, i.e. α 
= 0.05.
  In addition to the hypothesis testing, uncer-
tainty of the BWD was also assessed for each 
region. The uncertainty of BWD was calcu-
lated as follows, 
0.5 (95% )
100%
width CI
uncertainty
⋅
=⋅
μ              (1)
  The ratio of half of the width of the 95% 
conﬁ  dence interval (95% CIwidth) to mean (μ) 
and was expressed in percentage following 
IPCC (2003) and Fujiwara et al. (2007).
Results
The age of the P. densiﬂ  ora forest in Republic 
of Korea ranges from 30 to 50 years, and this 
age class accounts for approximately 80% of 
the P. densiﬂ  ora stands in the country (Korea 
Forest service 2011). In our study, the average 
age of the P. densiﬂ  ora forests in the Gang-
won region was estimated to be 26 years old, 
whereas the average age in the central region 
was estimated to be 37 years old. Despite that, 
the forests in Gangwon region is younger than 
that in the central region, the average dbh and 
height in the former region is larger (Table 1). 
According to Park et al (2005), this was due 
to the growth characteristics of P. densiﬂ  ora 
stands in the Gangwon region. 
  The hypothesis testing suggested an evidence 
that BWD was signiﬁ  cantly different between 
The summary statistics (mean and range) of the sampled stands  Table 1 
Regions
Number of sample 
plots
Age
(years)
DBH
(cm)
Height
(m)
Gangwon region 8
26.0
(13.0 - 36.0)
19.8
(9.3 - 26.9)
14.6
(3.6- 20.3)
The central region 28
37.0
(11.0 – 57.0)
16.6
(6.1 – 32.7)
11.8
(3.0 – 20.8)109
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the two regions (p value = 0.0112, Table 2). 
The estimated average BWD for P. densiﬂ  ora 
in the Gangwon region was 0.418 g/cm3 with 
uncertainty of 11.9%. On the other hand, the 
average P. densiﬂ  ora in the central region was 
estimated to be 0.472 g/cm3 with uncertainty 
of 3.8% (Table 3). 
  The other testing failed to reject the hypoth-
esis that there was signiﬁ  cant difference be-
tween age-class (p value = 0.0927, Table 2). 
The estimated BWD for trees < 20 years was 
0.429 g/cm3 with uncertainty of 9.0%. On the 
other hand, the BWD for trees ≥ 20 years was 
estimated to be 0.467 g/cm3 with uncertainty 
of 4.3% (Table 4).
Discussion
The results indicated that BWD for P. densiﬂ  o-
ra forests did not depend on age classes. This 
suggested that when estimating emission level 
for the P. densiﬂ  ora forests, one may not need 
to concern about the age classes of the forest 
stands. Although an other studies, suggested 
that BWD depended on stand ages, species 
and stand structure (Lehtonen et al. 2004), this 
was not supported by our, which indicated no 
difference of BWD in age class. One possible 
reason for our result may be the small sample 
size for age class < 20 years. To further assess 
the effect of stand age on the BWD, there is a 
need to increase the number of young P. densi-
ﬂ  ora stand sampled. 
  On the other hand, the results indicated a 
signiﬁ  cant difference in BWD between the two 
regions in Republic of Korea. Similar results 
were showed by Park et al. (2005). The dif-
ference in BWD between the regions might be 
attributed to different growth rate in the two 
regions, e. g. the central region showing dense 
annual ring and a relatively high proportion of 
heartwood ratio. The results also indicated the 
higher uncertainty of BWD in the Gangwon 
region as compared with we central region. 
This is likely due to smaller sample size for the 
former region, but could also due to the large 
range in age classes and site productivity in the 
Gangwon region (Table 3). Japan reported that 
the average BWD of P. densiﬂ  ora forests in 
Estimated mean and uncertainty of BWD of P. densiﬂ  ora forests by age-class in Republic of 
Korea
Table 4 
Estimated mean and uncertainty of BWD of P. densiﬂ  ora forests by region in Republic of Korea Table 3 
Age-class and regional comparison of BWD for Pinus densiﬂ  ora forests in Republic of Korea Table 2 
Variable Variance t value p value
Region Equal -2.68 0.0112
Age-class Equal -1.73 0.0927
Region
BWD
(g/cm3)
95% CIwidth Uncertainty (%)
2.5 percentile 97.5 percentile
Gangwon region 0.418 0.369 0.468 11.9
The central region 0.472 0.453 0.489   3.8
Age-class
BWD
(g/cm3)
95% CIwidth Uncertainty (%)
2.5 percentile 97.5 percentile
< 20 0.429 0.390 0.468 9.0
≥ 20 0.467 0.447 0.488 4.3110
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the country was 0.451 g/cm3 (Fujiwara 2007), 
similar to study, which could be due to similar 
ecological and climatic conditions. According 
to IPCC (2006a), the BWD for Pinus pinaster, 
Pinus radiata,  Pinus strobus and Pinus syl-
vestris were 0.44, 0.38, 0.32 and 0.42, respec-
tively, which were in the range of the BWD 
for P. densiﬂ  ora in Republic of Korea. Thus, 
the results of this study were consistent with 
other literatures. Furthermore, we have ob-
tained country speciﬁ  c BWD values that could 
be used in estimating emission level in the Re-
public of Korea.
  Food and Agriculture Organization estimat-
ed the uncertainty of BWD to be in the range 
of 10 to 40% (IPCC 2006b). In Finland, the un-
certainties of BWD for pine, spruce and birch 
trees were under 20% (IPCC 2006b). In Japan, 
estimated uncertainty of the BWD for P. den-
siﬂ  ora was 7.2% (Fujiwara 2007). The uncer-
tainty estimates found in this study indicated 
more precise BWD values than the uncertainty 
recommended by IPCC (2006b). The contri-
bution of the uncertainty to BWD estimates in 
this study included environmental factors, as 
growing conditions and measurement errors. 
However, water displacement method should 
minimize the error in estimating volume of a 
disk. Similar method was also applied by Fuji-
wara (2007) in estimating BWD. 
Conclusion
The results obtained in this study, BWD esti-
mates and its uncertainty by regions, are use-
ful in estimating country-level greenhouse gas 
emission. The BWD, combined with other 
emission factors and information from forest 
inventory, will be used to estimate emission 
level, whereas the uncertainty estimates for es-
timating uncertainty of emission level through 
the method of error propagation (IPCC 2006a). 
IPCC (2006a) also recommended calculating 
uncertainty for every emission factor which 
was reported voluntarily and continously by 
the countries involved. Furthermore, the un-
certainty estimate could assist in improving 
the inventory system, and thus, developing 
method of reducing uncertainty due to various 
causes. Therefore, in order to improve on the 
BWD estimates, more data could be collected, 
for improving analysis of BWD by age classes, 
regions and other environmental factors. The 
results provided fundamental results for esti-
mating carbon sequestration of P. densiﬂ  ora 
forests in Republic of Korea for greenhouse 
gas inventory system in the forestry sector.
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Note. The current number of the Annals of Forest Research publishes two articles presented at the last XXIII IUFRO 
Congress: Pyo et al. (2012) and Ishizuka et al. (2012). 
  The congress took place in Seoul, Korea, between August 22-28, 2010. It was organized in 153 sessions; depending 
on their importance some plenary (i.e. six of them), some sub-plenary (i.e., 15 sessions), and other technical (i.e., 132 
sessions). The sessions were proposed by different IUFRO units/subunits that were competing for one of the almost 150 
available spots. Louisiana Tech University, Taiwan National University and Transilvania University succeeded in winning 
the organization of a technical session at the congress. The technical session, with the title “Biomass and biodiversity con-
servation of the mixed-species stands considering the climatic uncertainties”, focused on the quantitative representation 
of the mixed species stands. The session was jointly supported by the IUFRO unit 4.03 and sub-unit 1.01.06 (Ecology and 
silviculture of oak), and enjoyed an unexpected large audience; the hall allocated to the session couldn’t seat the entire 
audience, at least one dozen of scientist standing against the wall to listen the presentations.
  The research performed by Pyo et al (2012) focuses on estimating basic wood density of Pinus densiﬂ  ora that grow 
in the Republic of Korea. The research compares the uncertainties of basic wood densities with the values supplied by 
the Intergovernmental Panel on Climate Change guidelines and found that they are within the recommended range. The 
investigation carried by Ishizuka et al (2012) aims at the understanding of the co-existence mechanisms of two beech 
species growing in Japan, as well as the evaluation of the distributional properties and spatial abundance of seedlings in 
respect with topography, light, overstory, and grazing. The analysis was executed using a generalized linear model, and 
found that co-dominance of the species cannot be attributed to the spatial segregation nor are site speciﬁ  c, but most likely 
is a trade-off between growth and resilience to pasture.
  The increasing interest of both practitioners and theoreticians involved in the analysis and assessment of mixed species 
ecosystem recommends the continuation of this topic to the next IUFRO congress. In eventuality that there are sufﬁ  cient 
human and ﬁ  nancial resources, at least one conference between congresses should be organized. To this end, the Second 
IUFRO Conference on Complex Forest Ecosystems, to be held in New Orleans in October 2013, is expected to signiﬁ  -
cantly enhance current knowledge on mixed species stands, by integrating spatiality and remote sensing data acquisition 
within the scientiﬁ  c investigations focused on mixtures (Bogdan M. Strimbu, School of Forestry, Louisiana Tech Univer-
sity, 1201 Reese Dr. Ruston LA, USA. Tel.: 1-318-257-2168, email: strimbu@latech.edu). 112
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